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Abstract. Samples were collected from 128 symptomatic humans, 83 dogs, 49 mice, and 20 rats (Rattus rattus: 16;
Rattus norvegicus: 4) in neighborhoods where human leptospirosis have been reported within the principal sea-port city
of Colombia. Seroprevalences were assessed against 19 pathogenic, 1 intermediate pathogenic, and 1 saprophytic
Leptospira serogroups. Pathogenic Leptospira were confirmed using conventional Leptospira-specific polymerase
chain-reaction and pulsed-field gel electrophoresis analysis was used for serovar identification. Seroprevalences of
20.4%, 12.5%, 25.0%, 22.9%, and 12.4% were obtained against one to seven different serogroups in mice, R. rattus,
R. norvegicus, dogs, and humans, respectively. The DNA was confirmed to be from pathogenic Leptospira by
detecting the lipL32 gene in 12.5%, 3.7%, and 0.03% of the R. rattus, dog, and human samples, respectively. The
first genetically typed Colombian isolate was obtained from a rat and identified as Leptospira interrogans serovar
Icterohaemorrhagiae/Copenhageni.

INTRODUCTION

Leptospirosis is a neglected zoonotic disease that has
emerged as a public health problem throughout the world,
however leptospirosis is more prevalent in tropical areas.1,2

Its urban transmission is associated with high rainfall,
poor sanitation, high rat infestations, and the presence of
stray dogs.3–5

The first urban outbreak of leptospirosis in Colombia
occurred in 1995 after flooding in Barranquilla, its principal
sea-port, and resulted in four deaths from infections with the
Leptospira interrogans Icterohaemorrhagiae serogroup.6,7

However, few studies have been performed in Leptospira
seroprevalences of urban-dwelling animals in this country. In
one study, stray dogs (Cali, Valle) had a 41.1% Leptospira
seroprevalence,8 whereas brown rats (Rattus norvegicus)
trapped in a grocery center (Medellı́n, Antioquia) had a
25.0% seroprevalence.9

Barranquilla is located on the Caribbean coast, has a popu-
lation of ~1.2 million, lies at 12 feet above sea level, and is the
principal sea-port of Colombia. The average annual tempera-
ture is 28°C, with little seasonal variation, and two wet sea-
sons occur from April to July and September to December,
during which many streets become flooded, despite having
a network of open concrete drainage channels. Three neigh-
borhoods in this city (Las Américas, Rebolo, Por Fin), have
historically been considered as “hot spot” areas for human
leptospirosis by the local health authorities (Secretaria
Distrital de Salud de Barranquilla). We performed a descrip-
tive, cross-sectional study to assess the pathogenic Leptospira
seroprevalences of humans, rats, mice, and dogs against 19
different pathogenic, one intermediately pathogenic, and one
non-pathogenic Leptospira serogroups in these neighborhoods.
Active infections were further confirmed by the detection of
the pathogenic leptospira gene (lipL32) by a conventional poly-

merase chain-reaction (PCR) assay.10 Leptospira serovar-level
characterization of the isolate was performed using pulsed-field
gel electrophoresis (PFGE) analyses.11,12

MATERIALS AND METHODS

Study population and sample collection. A descriptive,
cross-sectional study was performed at different times from
June 2007 to November 2009 in humans, dogs, and rodents in
these three neighborhoods (Las Américas, Rebolo, Por Fin).
Streets within each neighborhood where human leptospirosis
cases/deaths were reported were selected for the dog and
rodent collections.
Humans. After written consent was obtained, full clinical

information for leptospirosis,13 and first (S1) blood samples
(10 mL without heparin) were collected from humans who
presented with leptospirosis-like symptoms at outpatient
clinics (one in each neighborhood) and four hospitals located
on the study areas. Four to 30 days later, the second (S2)
blood samples were obtained from each of them, and when
possible, 10 mL mid-stream urine samples were collected.
These patients were asked whether they 1) owned a dog

and, if so, whether the dog wandered the streets or entered
their houses or backyards; 2) had recently seen or had con-
tact with rodents in their houses or backyards; 3) observed
flooding of the roads or drainage channels near their houses,
or in their backyards; or 4) walked through such flooded
areas barefoot.
Dogs. The sample size calculation was obtained by StatCal

for descriptive studies using EpiInfo 6.0 (CDC, Atlanta, GA).
The total dog population in these study areas was obtained
from records from the anti-rabies virus dog vaccination pro-
gram performed in each neighborhood (Las Américas: N =
1,425; Por Fin: N = 1,097; Rebolo: 1,367) during 2007. Based
on a 41.1% dog Leptospira seroprevalence, as reported in Cali
(Colombia),8 with a 95% confidence level, at least 27 dogs
were required to be studied in these neighborhoods. Written
consent was obtained from dog owners, including owners
whose dogs were found wandering freely on the streets. Free
roaming dogs were captured using dog catching poles and
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muzzled. Physical examinations for leptospirosis-like signs
and symptoms were conducted and recorded by qualified
veterinarians. Blood samples (4 mL) were obtained from their
cephalic veins. The diuretic furosemide (Diurivet, Provet,
Bogotá, Colombia) (3 mg/pound body weight) was adminis-
tered 15 minutes before 10 mL urine samples were collected
by bladder puncture (cystocentesis).
Rodents. The rodent populations in these neighborhoods

included mice (Mus musculus) and rats (R. norvegicus and
Rattus rattus). The sample size was calculated according
to the published table by Faine and others14 assuming an
infinite rodent population and a 27.0% average seropreva-
lence for synanthropic rodents obtained in Brazil,15 United
States (Hawaii and Baltimore),16,17 United Kingdom,18 and
India,19 with a 95% confidence level. From this calculation,
at least 45 rodents were required to be sampled in these
study neighborhoods.
For live rodent captures, traps were placed inside houses

where signs of rodent activity were observed from May to
September 2009. Both commercial (“Humane” mouse trap,
Catchmaster, Brooklyn, NY) and locally made cage traps
baited with peanut butter and oats or cooked meat were used.
The captured rodents were anesthetized using 100 mg/kg
tiletamine/zolazepam (Zoletil 50, Laboratorios Virbac S.A.,
Colombia) and transferred to a biological safety level-3
(BSL-3) facility where blood (1–2 mL) was obtained by car-
diac puncture, and kidneys were aseptically extracted.
Blood, urine, and kidney sample processing. One kidney

from each rodent was subjected to aseptic maceration in
2 mL of phosphate buffered saline using a sterile mortar and
pestle. The human, dog, and rodent (clotted blood) and
rodent (macerated kidney) samples were centrifuged at 2,000 + g
for 10 min at 25°C to ensure that the Leptospira were
not pelleted, and the sera and kidney supernatants were
collected. The human and dog urine samples were centrifuged
at 7,000 + g for 20 min at 25°C, their supernatants were
discarded, and the pellets were suspended in 1 mL of phos-
phate buffered saline. All the samples, including the kidneys
pellets and supernatants were immediately stored at −85°C.
Leptospira culture. Resuspended urine pellets (humans

and dogs) and macerated kidney supernatants (rodents) were
cultured immediately after centrifugation from 10 clinically
suspected Leptospira patients, 54 dogs, and 69 rodents. Tripli-
cate 200 mL volumes (600 mL total) were added toEllinghausen,
McCullough, Johnson, Harris-Difco medium (Sparks, MD)
containing 0.4 g/mL 5-fluorouracil (Ebewe, Pharma, Unterach,
Austria), and incubated at 30°C for up to 4 months. Weekly
inspections were performed using dark field microscopy.
Pathogenic Leptospira detection in samples and isolates.

The detection of active pathogenic Leptospira infections in
the sera (humans, dogs, and rodents), urine pellets (humans,
dogs), macerated kidney supernatants (rodents), and the
human, dog, and rodent sample cultures were performed
targeting the lipL32 gene using the primers lipL32/270F
(CGCTGAAATGGGAGTTCGTATGATT) and lipL32/
692R CCAACAGATGCAACGAAAGATCCTTT) and the
conventional PCR protocol already described.9,10 Briefly,
genomic DNA was extracted using Qiamp DNA mini kits
(Qiagen, Hilden, Germany), and the PCRs were performed
in 25 mL volumes containing 2–5 mL of DNA, 0.25 mM dNTPs
(Bioline, Taunton, MA), 1.0 IU of Taq DNA polymerase
(Thermo Scientific Fermentas,Waltham,MA), 3.0 mMMgCl2,

and 0.1 mM of LipL32/270F and LipL32/692R primers.
The PCR program consisted of an initial cycle at 95°C for
5 minutes, followed by 35 cycles at 94°C for 1 minute and
55°C for 1 minute, and a final extension step at 72°C for
5 minutes. A band of 423 bp was considered positive.
Leptospira isolate typing. The PFGE was performed as

described previously.11,12 Briefly, Leptospira DNA samples
were digested with Not I (Roche, Mannheim, Germany), and
Salmonella Braenderup H9812 strain DNA was used as stan-
dard size markers. The PFGE was performed in a 1% agarose
gel using a CHEF DR III system (Bio-Rad, Hercules, CA) for
18 hr at 14°C, 0.5 + Tris-Borate/EDTA buffer recirculation,
with 2.16 and 35.07 second switching times at 120°, a gradient
of 6V/cm, and a linear ramping factor. The resultant gel was
stained with GelRed (Biotium) for 30 minutes and analyses
were performed using BioNumerics version 4.0 (AppliedMaths,
Inc., Austin, TX). The PFGE profiles were then compared
with a library of more than 200 reference strains and clinical
isolates of Leptospira species12 and DNA profiles with up to
three fragment differences were considered to be the same
serovar (Dice correlation: 73.7–100%).
Microscopic agglutination test (MAT). The MAT was per-

formed as described previously13 using 19 pathogenic, 1 interme-
diate pathogenic, and 1 saprophytic Leptospira serogroups,
provided by the Leptospira Reference Laboratory (Hereford,
UK). The following serogroups (serovars) were used: Australis
(Bratislava), Autumnalis (Bangkinang), Ballum (Ballum),
Bataviae (Bataviae), Canicola (Canicola), Celledoni (Anhoa),
Djasiman (Djasiman), Grippotyphosa (Grippotyphosa), Fainei
(Hurstbridge), Hebdomadis (Hebdomadis), Icterohaemorrhagiae
(Icterohaemorrhagiae),Louisiana (Lousiana),Manhao(Lincang),
Panama (Panama), Pomona (Pomona), Pyrogenes (Pyrogenes),
Sarmin (Sarmin), Sejroe (Hardjo and Jin), Semaranga
(Patoc), Shermani (Shermani), and Tarassovi (Vughia). The
human, dog, and rodent serum samples were initially screened
byMATwithLeptospira biflexa serovar Patoc at 1:100, 1:25, and
1:5 dilutions, respectively, and all samples that agglutinated
³ 50% of them were further titrated using the MAT against
each of the pathogenic and intermediately pathogenic sero-
groups. The MAT cut-off titers were those dilutions that caused
³ 50% agglutination at ³ 1:100 (humans and dogs) and ³ 1:40
(rodents), and the highest titers obtained against one or more
serogroups were recorded. Acute human leptospirosis was iden-
tified when MAT titers of their S1 versus S2 samples were
increased from negative to ³ 1:100 or by ³ 4-fold.
Statistical analyses. Epidemiological and laboratory infor-

mation for humans, dogs, and rodents were entered into an
EpiInfo version 6.04 software system (CDC) database. Statis-
tical P values of < 0.05 in two-sided tests were reported as
statistically significant differences.
Ethics statement. The Universidad del Norte Ethics Com-

mittee, following Colombian national guidelines, approved
this study involving human patients and animals. Written con-
sent was obtained from all of the patients, or in the case of
children, from their parents before any samples or details
were collected. Written consent was also obtained from each
dog owner and house owners where rodent traps were placed.

RESULTS

Human patients. Although there were 132 eligible patients
who agreed to participate in the study, paired serum samples
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could only be collected from 128 of these patients who
displayed leptospirosis-like symptoms. A single serum sample
was also included in this study that was obtained from
one fatal case (patient #15). Their ages ranged from 3 months
to 70 years, the majority (58.8%) occurring in young (0–14 years
of age) patients, most of whom (52.8%) were school students.
Seventy percent of these people reported to have seen rodents
in their houses and 29.6% owned dogs.
The MAT results identified reactions with pathogenic

Leptospira in 16 of 128 (seroprevalence: 12.5%; 95% confi-
dence interval [CI]: 7.7–21.1%) of these patients (Table 1).
The most prevalent presumptive serogroups were Australis
(31.3%: 5 of 16), followed by two cases each of the Sarmin
and Icterohaemorrhagiae (12.5%: 2 of 16) serogroups. One
fatal case (patient #15), for which only an S1 sample was
obtained, could not therefore be serologically confirmed.
Acute serologically confirmed leptospirosis cases were more
frequently observed in the residents of Por Fin (9 of 7,630:
0.12% than Las Américas [6 of 9,740: 0.06%] or Rebolo [2 of
19,610: 0.01%]) during June 2007. The strongest reactions
of patients’ serum samples were obtained against seven
Leptospira serogroups in Por Fin, three in Las Américas
(Australis, Serjoe and Sarmin), and two in Rebolo (Australis
and Canicola), although at least one patient from each of
these three neighborhoods had the strongest reactions against
only the Australis serogroup.
Most of the cases were anicteric leptospirosis (87.5%: 14 of

16), did not require hospitalization, and were not treated.
The most common symptoms in these patients were fever
(100%: 16 of 16), headache (70.6%: 11 of 16), eye pain (50.0%:
8 of 16), and nausea/vomiting (43.8%: 7 of 16). A serologically
confirmed leptospirosis case (patient #14) (6.3%: 1 of 16)
developed hepatic damage and this patient’s S1 and S2 serum
samples mostly reacted with the Leptospira serogroup Ballum
(Table 1). A probable leptospirosis case (patient #15) who
displayed classical Weil’s disease symptoms died 24 hr after

arrival at the hospital. This patient’s S1 serum sample had
the highest (1:3,200 titer) reaction against the Leptospira
serogroup Tarassovi.
Most of the patients involved in the study (81.3%: 13 of 16)

reported to have seen or had contact with rodents inside
their houses. However, there was no significant association
between the presence of rodents and the occurrence of the
disease in these people (P = 0.96; odds ratio [OR] = 1.2; 95%
CI [0.29–3.15]). Despite 30% (45 of 128) of the population
owning a dog and all of them having contact with dogs, there
was no significant association with the occurrence of the dis-
ease (P = 0.73; OR = 1.2; 95% CI [0.42–3.36]).
The lipL32 gene was detected by PCR in only one S1 sam-

ple obtained from a 29 year old man (patient #6) who lived
in Las Américas. This patient’s S1 and S2 samples strongly
reacted against the Leptospira Sarmin serogroup (Table 1).
No isolations could be obtained from the 10 urine cultures,
including those from patients who were MAT positive
(patient #4, #6, and #8).
Dogs. From November to December 2008, blood sam-

ples were collected from 83 dogs and urine samples were
obtained from 54 (65%) of them. The seroprevalence of
these dogs against pathogenic Leptospira serogroups was
22.9% (19 of 83) (95% CI: 13.8–35.8%). Their highest MAT
titers were generated against the Lousiana (1:25,000 and
1:6,400), Autumnalis (1:1,600), and the intermediate patho-
genic Fainei (1:3,200 and 1:1,600) serogroups (Table 2). All
four dogs (21.1%: 4 of 19) that had the highest MAT titers
(1:100 to 1:800) against the Icterohaemorrhagiae serogroup,
among the serogroups tested, were collected in Rebolo. In
contrast, most of the dogs (75%: 3 of 4) that had the highest
MAT titers against serogroup Tarassovi were collected in
Las Américas. Uniquely, two dogs collected in Por Fin had
the highest MAT against the Leptospira Autumnalis
serogroup, or equal highest against this serogroup and the
Fainei serogroup.

Table 1

Details of 16 human serologically confirmed leptospirosis cases with the presumptive serogroups from three “hot spot” human leptospirosis
neighborhoods of Barranquilla*

Neighborhood

P Age S1 Occupation† S1 serogroup S2‡ S2 serogroup

# (Sex) Day (Animal contact) (Titer) Day (Titer)

Las Américas 1 39 (F) 2 H (H/S) Australis (1:100) 6 Australis (1:6,400)
2 17 (F) 5 S (H/S) no titer 8 Australis (1:400)
3 19 (M) 4 U (H/S) Australis (1:100) 12 Australis (1:400)
4 24 (M) 9 U (H/S) no titer 11 Serjoe (1:400)
5 7 (M) 3 S (H/S) no titer 5 Sarmin (1:400)
6 29 (M) 0 R (H/S) no titerPCR 6 Sarmin (1:400)

Por Fin 7 59 (F) 1 H (H/S) no titer 7 Pomona (1:3,200)
8 17 (F) 2 S (H/S) no titer 7 Tarassovi (1:1,600)
9 16 (M) 0 S (B/S) no titer 6 Icterohaemorrhagiae (1:400)

10 11 (F) 2 S (B/S) no titer 8 Australis (1:400)
11 6 (M) 2 S (H/S) no titer 4 Icterohaemorrhagiae (1:400)
12 14 (F) 2 S (H/S) no titer 5 Fainei (1:400)
13 7 (M) 4 S (B/S) no titer 10 Autumnalis (1:800)
14 20 (F) 5 H (H/S) Ballum (1:100) 10 Ballum (1:1,600)
15 36 (M) 15 U (H/S) Tarassovi (1:3,200) ‡ §

Rebolo 16 23 (M) 5 U (H/S) Australis (1:100) 9 Australis (1:800)
17 37 (F) 3 H (H/S) Canicola (1:200) 9 Canicola (1:1,600)

*Details (age, sex, day of first [S1] collection after the onset of symptoms, occupation, contact with animals, and their highest microscopic agglutination test [MAT] titers against particular
Leptospira serogroups) of 16 leptospirosis patients (P #1–14 and P #16–17), and one presumptive leptospirosis patient (P #15), from three human leptospirosis high-risk neighborhoods
(Las Américas, Por Fin, and Rebolo) in Barranquilla. The highest MAT titers obtained against a particular serogroup are shown.
†Occupation as a house-wife (H), school student (S), recreationist (R) (outdoor training instructor), or unused (U), with details of contact with mice, rats, and dogs inside their houses (H), their

backyards (B), or in the streets (S) (in parentheses).PCR Sera PCR positive.
‡Day of collection of 16 second (S2) serum samples after the onset of fever.
§Patient #15 died before the S2 serum sample could be obtained.
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Three of the dogs from Rebolo (25.0%: 3 of 12) and one
collected in Por Fin (33.3%: 1 of 3) had the highest MAT
titers against the Leptospira Louisiana serogroup (Table 2).
Two dogs collected in Rebolo had the highest or equal highest
MAT titers against the Grippotyphosa serogroup or the
Grippotyphosa/Icterohaemorrhagiae/Sarmin serogroups. How-
ever, one dog collected in Rebolo had the highest MAT titer
against the Canicola serogroup.
Most (78.9%: 15 of 19) of Leptospira MAT-positive dogs,

which generated the highest MAT titers against pathogenic
Leptospira of seven different serogroups, showed common

canine leptospirosis signs/symptoms.14 These signs/symptoms
were arched back (26.3%: 5 of 19), vomiting (15.8%: 3 of 19),
swollen kidneys (10.5%: 2 of 19), depression (10.5%: 2 of 19),
fever (26.3%: 5 of 19), jaundice (5.3%: 1 of 19), bloody urine
(hematuria) (5.3%: 1 of 19), and bloody feces (melena)
(5.3%: 1 of 19). However, there were no statistically signifi-
cant differences between any of the signs/symptoms displayed
by the MAT positive versus MAT negative dogs. Despite
urine samples from 14 of 19 MAT-positive dogs being cul-
tured, no Leptospira isolates were obtained. The pathogenic
specific lipL32 gene was however identified by PCR in the
urine samples from 2 of the 4 dogs (3.7%), one of which was
from Rebolo and was MAT positive (Icterohaemorrhagiae
serogroup: 1:800 titer), whereas the other from Por Fin but
was MAT negative.
Rodents. Four months (from May to September 2009) were

taken to capture 69 rodents, but only low numbers of R.

norvegicus (4 of 69: 5.8%) could be trapped. Most (71.0%:
49 of 69) were domestic mice (M. musculus) and black rats
(R. rattus) (23.2%: 16 of 69). The majority were captured in
the residents’ kitchens (49.3%: 34 of 69), and backyards
(43.5%: 30 of 69) (Table 3).
For these rodents, MAT-positive titers were defined by a

³ 1:40 cut-off titer as described previously.9 In this study,
seroprevalences of 20.4% (10 of 49) (95% CI: 9.1–31.6%),
12.5% (2 of 16) (95% CI: 0.0–28.7%), and 25.0% (1 of 4)
(95% CI: 0.0–67.0%) were obtained for mice, black rats, and
brown rats, respectively (Table 3). Six MAT-positive mice
had the highest titers against a single Leptospira serogroup
(Grippotyphosa:N = 3; Icterohaemorrhagiae:N = 1; Canicola:
N = 1; Mini: N = 1), whereas the other four MAT-positive
mice had equal highest titers against two serogroups. Two mice
from Las Américas and one from Por Fin had the highest
MAT titers against serogroup Grippotyphosa. In contrast,
the highest MAT titers of one mouse captured in Por Fin was
against the Icterohaemorrhagiae serogroup (1:80), whereas one
mouse captured inRebolo had thehighestMATtiters against the
Icterohaemorrhagiae/Australis serogroups (1:80) (Table 3).
Serum samples from two black rats (R. rattus) from Las

Américas and Por Fin were strongly positive against the
Serjoe (20.0%: 1 of 16) or Grippotyphosa (11.10%: 1 of 9)

Table 2

Seroprevalence and presumptive serogroups of symptomatic and
asymptomatic dogs collected in three human leptospirosis high-risk
neighborhoods of Barranquilla*

Neighborhood

MAT ³ 1:100

Serogroup (titer) Symptomatic = S
Serogroup-reactive/

total (%)

Las Américas 4/26 (15.4%) Fainei (1:1,600) S
Tarassovi (1:100) S
Tarassovi (1:200) S
Tarassovi (1:800) S

Por Fin 3/30 (10.0%) Louisiana (1:400) S
Autumnalis (1:1,600) S
Autumnalis/Fainei (1:1,400)

Rebolo 12/27 (44.4%) Icterohaemorrhagiae (1:100) S
Icterohaemorrhagiae (1:200) S
Icterohaemorrhagiae (1:400) S
Icterohaemorrhagiae (1:800) SPCR

Louisiana (1:800)
Louisiana (1:6,400) S
Louisiana (1:25,000) S
Tarassovi (1:100) S
Canicola (1:800)
Fainei (1:3,200) S
Grippotyphosa (1:800)
Icterohaemorrhagiae/

Grippotyphosa/Sarmin (1:400) S
Positive/Total 19/83 (22.9%) Symptomatic/

asymptomatic: 15/19 (78.9%)

*Eighty-three dogs collected from three human leptospirosis high-risk neighborhoods
(Las Américas, Por Fin, and Rebolo) of Barranquilla were assessed for signs and symptoms
of canine leptospirosis (S = symptomatic), and their highest microscopic agglutination test
(MAT) titers were determined against a panel of 20 different pathogenic Leptospira sero-
groups. The highest MAT titers obtained against one or more serogroups are shown.PCR

Urine PCR positive.

Table 3

Seroprevalences and highest microscopic agglutination test (MAT) titers against presumptive Leptospira serogroups of mice and rats collected in
three human high-risk neighborhoods of Barranquilla*

Neighborhood

MAT-positive/total (%): Leptospira serogroup (MAT titer)

Mus musculus Rattus rattus Rattus norvegicus

Las Américas 3/14 (21.4%): 1/5 (20.0%): 0/2 (0.0%)
Grippotyphosa (1:40) Serjoe (1:40)
Panama/Pyrogenes (1:40)
Grippotyphosa (1:80)

Por Fin 2/16 (12.5%): 1/9 (11.1%): 0/1 (0.0%)
Icterohaemorrhagiae (1:80) Grippotyphosa (1:160)
Grippotyphosa (1:40)

Rebolo 5/19 (26.3%): 0/2 (0.0%) 1/1 (100.0%):
Canicola (1:40) Australis (1:40)
Mini (1:40)
Canicola/Serjoe (1:40)
Icterohaemorrhagiae/Ballum (1:40)
Icterohaemorrhagiae/Australis (1:80)

Positive/Total 10/49 (20.4%) 2/16 (12.5%) 1/4 (25.0%)

*The MAT titers (³ 1:40) of house mice (Mus musculus) (N = 49), black rats (Rattus rattus) (N = 16), and brown rats (Rattus norvegicus) (N = 4) collected in three human leptospirosis high-risk
neighborhoods (Las Américas, Por Fin, and Rebolo) of Barranquilla were determined against 20 different pathogenic Leptospira serogroups, and the highest MAT titers against one or more
serogroups are shown.
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serogroups, respectively, although one brown rat (R. norvegicus)
(25%: 1 of 4) captured in Rebolo strongly reacted with the
Australis serogroup.
The pathogenic specific lipL32 gene was identified by

PCR in two kidney samples from R. rattus (12.5%: 2 of 16)
collected in Por Fin and Rebolo and both of them were
MAT negative.
Of the 69 kidney supernatant cultures, only one Leptospira

strain was isolated from a MAT-negative R. rattus collected in
Rebolo. This isolate was characterized to its serovar level using
PFGE analysis. In this analysis, identical DNA restriction frag-
ment patterns (DICE correlation: 100%) were identified
between this isolate (Colombia I15) and two Leptospira

interrogans Icterohaemorrhagiae strains isolated from the
United States, which were in the database.12 Although there
was a fragment difference with L. interrogans serovar
Copenhageni M20, it could not be discriminated from the
serovar Icterohaemorrhagiae (data not shown).

DISCUSSION

The study attempted to assess Leptospira occurrence in
human and animal populations in the neighborhoods of Las
Americas, Por Fin, and Rebolo, which have been consistently
identified as “hot spots” for human leptospirosis in the princi-
pal sea-port city of Colombia, where the first case of urban
Colombian leptospirosis was documented in 1995.6,7 These
three neighborhoods were composed of the two lowest eco-
nomic strata in this country, being dissected by large numbers
of open concrete drainage channels that overflowed onto the
surrounding dirt roads during the wet seasons. Their house
design, with open eaves and hollow-brick ventilation sites in
their walls, allowed rodents to readily enter these residents’
houses, as a result, these patients reported to have seen or had
contact with rodents inside their houses. Most of the patients
owned dogs, but none of these dogs had received leptospirosis
vaccination, and they roamed the streets during the day and
entered their owners’ houses and backyards at night. During
this study, we noted that most of the confirmed Leptospira

patients were housewives and unemployed men, as well as
£ 17-year-old students, who spend most of their time at home
thereby suggesting household rather than occupational trans-
mission. Most of the houses (81.2%: 13 of 16) of patients were
also located within 65.6 yards of a main open concrete drain-
age channel where children also played barefoot, and which
often overflowed onto the dirt streets during the wet seasons.
However, the other non-Leptospira patients who were
assumed to be equally at risk of Leptospira infections did not
show antibody responses to Leptospira.
Acute serologically confirmed leptospirosis cases were

more frequently observed during June 2007, when around half
of these cases occurred and when high rainfall was recorded
in both May (8.47 inches) and June (3.98 inches), that resulted
in increased risk of flooding and human exposure to animal
urine, as shown in other urban areas.3 All but two of these
patients were anicteric. One of the two icteric patients had a
fatal outcome. These latter cases were presumptively associ-
ated with the Leptospira Tarassovi and Ballum serogroups,
respectively. The former serogroup has mainly been associ-
ated with pigs,20 and the latter mainly with domestic mice.21

Because the Leptospira serogroup Tarassovi has been associ-
ated with Weil’s disease,22 it may account for the severe and

fatal Weil’s disease-like symptoms displayed by patient #15.
Although these results suggested that this serogroup could
have been circulating between the human and dog pop-
ulations, transmission from domestic pigs could not be
excluded. Although we obtained antibody reactions against
pathogenic serogroups that were associated with severe dis-
ease using the gold standard MAT, cross-reactions between
serogroups have been shown to occur, and this can make it
impossible to definitively determine the infective serogroup/
serovar, unless isolations were obtained and characterized.23

Overall, therefore, the presumptive pathogenic Leptospira
serogroups common to humans, dogs, andmice were Icterohae-
morrhagiae and Canicola, especially in Rebolo. Half of the
human leptospirosis patients from Las Américas and Rebolo
generated the highest MAT titers against Australis and anti-
body reactions were also observed in R. norvegicus. This
serogroup ismainly associatedwith equines.20,24Although there
were serological reactions against serogroup Grippotyphosa in
the dog and rodent (M. musculus and R. rattus) populations,
none of the sera from the patients in this study reacted against
this serogroup, despite human serum samples most strongly
reacting with this serogroup in healthy people in Barranquilla,25

and elsewhere in Colombia (Uraba, Antioquia).26 When per-
forming our field work, we observed that many of the residents
bred or maintained domestic pigs, horses, and donkeys in their
backyards. We are presently attempting to isolate Leptospira
strains from these domestic animals to assess their roles as
potential sources of infections in these neighborhoods.
Interestingly, serum samples collected from several dogs

had very high MAT titers against the Louisiana serogroup.
Although we were unable to isolate these leptospires, we
believe this to be the first serological evidence for the cir-
culation of this serogroup in Latin America. A strain of
the Louisiana serogroup was previously isolated from an
armadillo (LSU 1945) in the United States, and a human
patient (R/740 lanka) from Sri Lanka,20 but its normal main-
tenance host is unknown.
The neighborhood with the most diversity in presumptively

identified Leptospira serogroups in dogs and rodents was
Rebolo, which is located immediately adjacent to the princi-
pal international dock area. This is also the principal port of
Colombia and therefore the importation of new Leptospira
serogroups by rodents transported on these visiting commer-
cial ships is likely.
Evidence of current infections with pathogenic Leptospira

was obtained by PCR from human, dog, and black rat
populations. The intermediate pathogenic leptospires cannot
be detected targeting the lipL32 gene, which is detectable only
in pathogenic leptospires.27 Thus, if the humans or animals
were infected with the intermediately pathogenic Fainei
serogroup, which presumptively circulated in the human and
dog populations, it would not be detected by this PCR.
Isolation rates of Leptospira spp. from rats and mice have

varied.28–30 Our Leptospira isolation rates from R. rattus,
R. norvegicus, and M. musculus kidney samples of 6.3% (1 of
16), 0.0% (0 of 4), and 0.0% (0 of 49) were therefore similar
to the 3.2% (3 of 94), 6.3% (6 of 86), and 0.0% (0 of 55)
obtained from these three species in Madagascar, respec-
tively.31 We also confirmed that the infection of the black rat
with L. interrogans serovar Icterohaemorrhagiae/Copenhageni
could not be differentiated using PFGE as previously shown.32

This I15 isolate is now the first isolate to be included in a
Colombian MAT diagnostic panel.
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